(7] Permeability Tests Applied to Ene River Project.
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Appendix A-2(7] Permeabllity Tests Applied to Ene River Project

The permeability tests dgscribed below were performed at all drillho-

les in the project area.

“Le Franc" type permeabllity tests were adopted for parts where there

were riverbed deposits and "Lugeon” type for bedrock parts,
(1) Permeability Tests of "Le Franc" Type

The "Constant Load Method" was appllied to the parts of riverbed
"deposits with comparatively high permeabllity and the "Variable
Load Method" to the parts of comparatively low permeablility.

Coefficients of permeablility (:) and (:) were calculated by
Eqs. (1) and (2) using values obtained by the "Constant Load

Method,”

@ - gi (1) TTRTII777]
Cl x hi a®he .

=

y hi

S i

S & (2) M|l M

@ C2 x hi LN I ) 51
. Vi

*—D—w L

Where, _i

C; 3 Coefficient given DIAGRAM: Permeabiiity
by Formura (3) Test in Drillhole
2L (@ Ground surface

¢ = In(2L/D) *°°*° (3 (2) Cosing pipe of hole

(® Ground water table

Cz ; Coefficlent given
by Formura (4) or (5) or (6) or (7)

At, L/D =0 Cyp = 2D vaeee (B)

2D/ L/D + 174 esess (5)

0<L/D< 1, Gy

) 27 L
1 < L/D < 4, Cz LH(LD + L2/D2 ry 1)1/2 sas e (6)
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(2)

2L,

L/D < 4, Cy = “Tn(3L/D) erves ()

L : Length of section tegted
D Diameter of drillhole
hi; Hydraulic head of injection

qi; Injected water volume per unit time

Coefficient of permeability (::) was calculated by Eq. (8)
using values obtained by the "Variable lLoad Method".

7L D2 B2 eees. (8)

n = ——
K3) = 26,(ez = ey 1%%e 71

Where,
hl 3 hydraulic head at i
h2 ; hydraulic head at t2
tl ; time of starting injection
t2 ; time of finishing injection
D 3 diameter of drillhole
Cy 3 coefficlent given by Eq. (4) or (5) or (6) or (7)

Permeability Tests of "Lugeon"” Type

“Lugeon” type permeability tests were applied to the parts of
bedock in drillholes. Coefficient of permeability (:) was
calculated by Eq. (9) using values obtained by "Lugeon" tests,
at 2L/D >> 1,

1 ;
(:) = E?giﬁiﬁ‘ Lo (2L/D) ..... (9)

L: length of section tested
D; diameter of drillhole
hi; hydraulic head of injection

qi; injected water volume per unit time
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(1)

(2)

(3)

4)

(8) List of Permeability Tests

List of Permeability (Le Franc) Tests
in Prillkole DT--1

List of Permeability (Le Franc) Tests
in Drilthole DT--2

List of Permeability (Lugeon) Tests
in Drilthole DT-3

List of Permeability (Le Franc) Tests
in Drillhole DE—i
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LISTS OF PERMEABILITY TESTS

DRILLHOLE D1

AR kR kR

IE FRANC PERMEABYIITY TESTS

EE 22 a2t EE il r et

SMeH1.54)

Lonstant load
Test Depth L :
N° nts. mts. Hi am K1 cn/sec- Xy an/sec.
1 5,00 00 115 3.64 x 1072
65 3.2% x 1072 1.90 x 102
00 2.26 x 102
2 15.00 00 70 3,28 x 10-2
35 3.50 x 1072 3.78 x 1072
00 3.58 x 102
3 25.00 00 75 3.51 x 1072
45 3.79 x 1072 4.53 x 1072
00 4.10 x 1072
DRILLHOLE pr2 LE FRANC PERMFABILITY TESTS
Rk A d g **t**t****ti*i*************
d
Test Depth L Constant Loa
e mis. mts. Hi om K1 om/sec. K2 an/sec.
1 12.50-15.00 2.50 00 4.27 x 10-3
2 20.85-25.00 4.15 150 4,33 x 10-3
100 5,18 x 1073 3,81 x 1073
00 3.95 x 10-3
3 25.15-30.00 | 4.85 00 4.12 x 1073
75 4,42 x 103 4.09 x 10°3
160 6.15 x 1073
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LISTS OF PERMEABILITY TESTS
"DRILLHOLE br-2

LUGEON PERMEABYLITY TESTS

Sheel(2 - 4)

************ S e e e e de o de ok Yo dededodedt ek ok ek e e

Test Depth Po P - K3
_N® mts. kg/cmz kg/cm? Lugetn cm /secC.
1 25,00 - 30.00 a 0.230 1.165 | 1.321 x 1072
2 32.00 - 35.00 1 1.23 238.482 | 2.788 x 1073
2 2.23 171,151 | 2.00% x 103
1.23 227,100 | 2.655 x 1073
3 36,70 - 40.00 1 1.222 217.478 | 2.597 x 1073
1.6 1.822 183.448 | 2.191 x 1073
1 1.222 228.389 | 2.728 x 10-3
4 42.50 ~ 45,00 1 1.223 388.553 | 4.354 x 1073
5 46.50 - 50,00 1 1.205 265.797 | 3.216 x 1073
1.6 1,805 220.024 2.662 x 10-3
1 1.205 264.375 | 3.199 x 1073

DRILLHOQLE Dr-3

LE FRANC PERMEARILITY TESTS

kR Rhatitikk Ah Rk ARkARRERER Rk dkk bk dw
Constant load Variable Load
Test Depth L . ~
N® mks. mts. Hi cm X} an/sec. | K2 aw'sec. Kjcm/sec,

8.85 - 9.45] 0.59 - - - 4.13 - 1073

12.80 00 00 1.44 x 1072 - -

100 1.45 x 1072 | 1.23 x 10~2 -

200 2.43 x 1072 - -
3 14.20 -~15.05 | 0.45 - - - 1.04 x 10-3
4 25.00 00 - - - 2.40 x 1075
5 135.00 00 - - - 6.72 x 1076
6 39.00 ~40.00 | 1.00 - - - 7.74 x 1076
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DRILL HOLE pE-1

LUGEON PERMEABILITY TESIS

L15TS OF PERMEABILITY TESTS

Sheet(3 -~ 4)

Fhk kA RRRRNR ekt e e e e e e e et stk v de e dede de i e de ek
Test Depth Po . P Lugeon K3

| N mts. kg/cm? kg/cm? an /sec,
1 1.95 ~ 5.10 1 1.362 30.068 | 3.365 x 1074
2 2.362 84.002 | 9.401 x 1079
3 3.362 121.432 | 1.359 x 1073
2 2.362 140.720 | 1.575 x 103
1 1.362 171,317 | 1.917 x 1073
2-a 5.00 - 10.00 | 0.5 1.21 183.471 | 2.278 x 1073
2-b 6.85 - 10,00 [ 0.5 1.21 275.482 | 3.083 x 1073

2-c. 7.75 - 10.00 1 .71 00 00

' 3 3. 00 00

5 5.7 00 00

3 3.7 00 00

1 1.71 . 00 00
3 11.55 - 15.00 1 1.665 35.340 | 4.040 x 1074
5 5.665 26.146 | 2.989 x 1074
10 10.665 22.150 | 2.532 x 10-¢
5 5.665 30.955 | 3.538 x 1074
1 1.665 56.752 | 6.488 x 1074
4 15.00 - 20.00 1 1.674 12.78¢ | 1.587 x 1074
' 5 5.674 11.667 | 1.449 x 1074
10 10.674 14.521 | 1.803 x 1074
5 5.674 19.281 | 2.394 x 1074
1 1.674 31,183 3.872 x 1074

5 20,00 - 25.00 1 1.6758 00 00
5 5.675 4.053 | 5.032 x 107°
10 10.675 3.932 | 4.885 x 1073
5,675 5.075 | 6.301 x 1070
1.675 g.478 | 1.053 x 1074

A-2-47




DRILL HOLE pe-1

drevl vk ol e e o

LISTS OF PERMEABILITY TESTS

LUGION DERMEABILITY TESTS

ede spfr e oy el e e e e v e el o e i oy

Sheel( 4 - 4)

'Ié.st Depth Po op : Ka
N° mts. xg/am? | kg/an? Lixgeon <m1/§tc.
6 25.00 - 30.00 | 1 1.726 37.428 | 4.882 x 1074
5 5.726 24.135 | 3,148 x 104
9.5 10.226 20.595 | 2.686 x 107¢
S 5.726 26.580 | 3.467 x 10°%
1 1.726 40.093 | 5.230 x 1074
7 30.00 - 35,00 1 1.696 8.019 | 1.046 x 10-4}
5 5.696 6.285 | 8.199 x 10-5
10 10.696 7.423 | 9.684 x 105
5 5.696 7.760 | 1.012 x 1074
1 1.696 11.439 | 1.492 x 107¢
8 35.00 - 40.00 1.712 00 00
5.712 1.646 | 2.147 x 1077
10 10. 712 1.643 | 2.143 x 1075
5,712 1.961 | 2.558 x 1075
1.712 2.336 3.048 x 1073
9 40.00 - 45.00 1.712 00 00
5.712 0.175 | 2.284 x 10°¢€
10 10,712 0.131 | 1,705 x 107€
5,712 00 0c
1.712 00 00
10 45.00 - 50.00 1.726 4.751 | 6.197 x 1073
5.726 3,493 | 4.556 x 107
10 10.726 2,927 | 3.819 x 1073
5.726 3.388 | 4.420 x 1075
1.726 5.662 | 7.256 x 1075
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(1)

2

(3)

C)

(9) Records of Permeability Tests

{Sheet No.)

Records of Permeability Tests
in Drillhole DT-1 (1-24) ~ (6—-34)

Records of Permeability Tests
in Drilthole DT-2 (7-34) ~ (17-34)

Records of Permeability Tests.
in Drillhole DT-3 (18—34) ~ (24-34)

Records of Permeability Tests

in Drilthole DE—} (25-34) ~ (34-34)
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(1) Drillhole DT~ 1 Records of Permeability Tests

GEOTEL SA.
PROJECT : 1AMBO W0 .
' Sheet (1 .—34)
SURVEY :
TEST OF LE FRANC PERMEABILITY wn°m
(CONSTART LOAD)

‘Date } 06-10-81 Drillep P ) Cornelio
Boring ! DI1-% -} Performed by PGy Laze
Depth of Test : 500 m. Revised by :
Phreatic level:izom Zone $1PUERTO PRADO
DIAGRAM DATA
i
,,_‘_;_PW.&;; (D~ 10,06 ¢m| Ho = 148 om
3 d = 1529 ¢m| B = 25 ¢m
T4 525 emltb - 00 am
i T* as ‘bovins water : £29°%¢
. TY of wiver water & 28'cC
. {. pu— — Scale z 1¥2,000
_ e 9 fedd,
i “1seg
._f i:_ — L~
—— —_— 100- -+
T SR + 58
L
504
L. -~ /00
D +
[ fo 100 _Is0 ; "::(cmj
- v L [] »
He Hi hi Vi €4 A K. OBSERVATIONS

Hour | (em) | (em) | (em) | (em?) | [see) J(¢="hectlien foee)
1300 195 | 15| 30 | 2000| 6o | 3a33n.evaid i
2v00' 145 | 65 | 80 | 4iso| eo | 79.47|szswo| He: 2902 16 Fewfuse,
12230 s | oo | 195 | 6ow| to |/0d0f22600

hie He- Wi
.g? W/
Kes Bk
Ki: mfc
3ind : . (s Forn coefficient
o ¢ Straight line gradient
oA K's et Permeability coefficient
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Sheet (2 — 24 )

LE FRANCG PERMEAB I LT Y RATE

L
—_— = 0
D
cs 2d = 2 x f5 24
e: 3078
K. 2%
C hi
K, = _33.33 - D.03645 = 3,69 x Ic;acm/sec.
30.48 « 30 :
79.17 ;2
Ky » - -~ 003247 = 3.25 x 10 c:u/uc.
3048 x §o )
. -2
K - /00. 00 .« 002263 < 2,24 ¥ t0 om/uc.
3048 x tu5
WA = ?b - 58 - 0.58
hi 100
MZ = Mhiad - ____‘i&___ - 0.0[902
¢ 30.48

-2
Kz: 190 x v c.u/sw.

A—-2-52

i



GEOTEL S.A.

PROJECT s TAMBO 10

SURYEY @

TEST OF LE FRANC PERMEABILITY wee2

{ CONSTANT LOAD)

Sheet (3-—-21)

‘Date $ 16-10-8%

Boring ¢ DT-s
Depth of Test 1500 m.

Driller
Performed by
Revised by

T ). gotnelio

P 6. Laro

Phreatic level: w0 wm. Zone ! PUERIO PRADD
DI AGRAH DATA
R S W . - -
d IM? P «~ 2,27 ¢m| Hee 110 em
o d= 121 em|B- 10 ¢em
£. 1510 em|l - 00 om
" T® 6F beoring waler : 29°C
b 7% of viver watev : 28°C
[ Sealas 132,000
—he— | e TR - 2
¥ ?(ef_ﬂ{
Ay Sec,
i I S N /
.—H- B ———————
uy
L
F1-2s
— 5o
L i /I/
[+ fiﬂ : I:’O lf'g h;(t-ﬂ)
Ko He | hi Vi bt R |k OBSERVATIONS
Hour | (em) | (Cm) fem) | Cend) | {see) 67 %hec)leniseec)] R
164200 o | 70 | 40 | 2000l 6o | 3333528 w0
16" 60'} 110 35 75 | 4000 6O | 66,67 3,5000] Ke» 0182 m“M/m
-2
17h sl o | 00 | 110 | 6000| 6O |100.00)2.58x10
hie He- Hi
§i Vi /el
KT g /chi
Ky mfc
diadyz- L+ TFornm coefficient
m: Straight line gradient
WA K's' Ket Permeability coefficient
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Sheet (4 — 34)
LE FRANC PERMEABILITY RATE
L.
30
c: 2 4 T 2 12. 7
C: 25¢Y
K,-; i
c hi
K, - 33,33 - 003280 T 3228 xida Cu fiee.
254 x ¥o
-2
Kie __$6.67 - g 03494 T 250 xlo cm/u,c.
25.4 r 15
£,. ___ 10000 0.03579 x 258 % 0" “M/uc
2.4 % no
- 34 ¥ M 0 9¢
hi 50
Kio w . 096 - 0.03779
C 25 ¢

Kz -

-2
2.78 X /0 &M/Sbc.
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GEDTEL S.A

PROJECT : TAMBOC fO
Sheet (5 — 34}
SURYEY
TEST OF LE FRANC PERMEABILITY nN*03
( CONSTANT LOAD)
‘Date Y 19-10-84 Drillexr Pt Cotnelis
Boring ¢ -D0T-1 Performed by t 6, laxe
Depth of Test [ 25.00m Revised by :
Phreatic leveli0.d0m Zone ! PUERTO PRADD
DI AGRAM DATA
T ¥ ¥ 1 43 "
1 d /Mf D~ .27 ¢m{ Ho < oo Cm
o d = {1016 ¢m | B s 1o em
!1 2510 am L a 00 & m
i 7° of borin waluy 1 28°c
" T ofF  viver water : 28°C
. {.w___]_ . Ssale: L1000
hi §°(e)
2, sig)
e ——— 10l o
L
1 0 aé
In ‘
¥ 0 1
f'o n')o ,,'-o ) H(cn}
He He hi Vi 2 }?" h ’
[k ' CBSERVATIONS
Hour { (¢em) jlem ) § {em) (end) 1:’«) (S~ 7hec )i fsec)] "
12460 100| 75 | 35 | 4500] 6O | 250p.5/ud
st ol ws | es | 000l co | s00379ab| Ke: wsss 10" emfres.
» -3
3% 4o'l joo | oo | 100 | Seo0l 0O | ¥3.3[4./010
i'!; =z _HI - H;
i W/
Kz . & Jch
Ki: mfec _
Bind ! ¢ Form coefficient
m: Straight line gradient
Broad XK'= MNet Permeability coefficient
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Sheet (& —34)

LE FRANC PERMEABILILTY RATE
L .o
>
c: 2d 2 X 0.0
C= 20,32
K- F&_
' c he
-2
Ki- 2% . - 003515 = 3.5/ 2 J0  ewmfrec,
' 2032 x 35~ / /
. 50 - : -2
Kiv 5o3Zler = 008786 = 279 x 16 cufi
-2
Kyw o B33 . 0.0v09%9 0 Yoo ¢ cm/m.
20.32 ¥ too
W - fi - v e 0.92
A 5o
2z W - 032 - 0. 04528
e 20.372
- 2
Kz: Y53 x Jo cunfrce.
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GEOTEL SA.

PROJECT
SURVEY H

TEST OF LE FRANC PERMEABILITY

" (CONSTANT LOAD)

TAMBO 10

N* 3

Sheet (7 — 34)

‘Date i 22.09-24¢ Priller PR, YILCA
Boring : OT-2 Performed by i 6, LAZO
Depth of Test :12.5 -1500m. Revised by H
Phreatic level:y som. Zone : PUERTO PRADD
DI AGRAM DATA
d,?/wlif\ D - 7.5!5. cmHeor 150 C-m
ol d= %62 em|B=- 00 ‘¢m
{. 1,250 em|L + 250 ¢m
h 1% of be?luﬁ weler : 27°C
I T oF  Ywey watey ¢ 27'C
12 fivery  Leuel 2,10 .
el bl h i e .
hi 7 (ez)
3 $eC)
'-ii =l
L
’.‘.’D [
hitem}
7 c TV i T e | & # T
‘s ' OBSERVATIONS
Hour | (em) |fem) | (¢m) {crd) (.rrd (€= hiec) liew f5ec) | e
17410 150| 0o | 15019300 o |238,33[42740]
ki: Ho- Hi
3; M V:/ft
.ke' 9:/‘:5'
Ky m/c
Jindy:- €= Form coefficient
m 2 Straight line gradient
oA K's' et Permesbility coefficient
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(2) Drillhole DT- 2

Records of. Permeability Tests

Sheet (® — 34)

LE FRANC PERMEARBILITY RATE

b 1.5
c - 2 7L
e L
Lw ( K )
c - 2 1T 250
2 ¥ 250
I‘“( 2.318
¢c - 3781
K - g‘b
i
¢ ki
K, - 2%6.33
37481 R ISO
-3
Ky~ 427 x )0 cw./no.

A-2-58



GEOTEL S.A

PROJECT :11AMB O W

SURVEY

Sheet (9 — 34)

fEST OF LE FRANC PERMEABILITY N°2

(CORSTANT LOAD)

| ™=

i O
e

‘Date 125-09-%t priller IF VILCA
PBoring .1D1-2 Performed by 1. Lazo
Depth of Test : 20.85 - 25.00m Revised by :
Phreatic level: 180 m. Zone : ! FUERTO PRADD
DIAGRAM DATA
ul — ; -
d * /QV/? D v hBI5 (m|Hoe rgoe
= d= 7862 ¢=]1B - 00
£. 2085 gq|L o YIS
Wi :f'r‘ OF horiy wafer : 27%

*of  viver Watey 25°¢c

Rivey Lewvel 2,08
Sasls + 1t 2S00

210

o2

I,..___D_,i - 00 I~
o &b - we mp W hitem)
He He hi Vi ) Fi _}; j
/ ' ORSERVATIONS
Hour | (em) | (em) | (en) | (er) [ see) (¢ heclien t5ec)] -
50| 190 | s50 1 30 | #300] 6o | er|nasnc

e ] .

7+ 20 JI0 100 go | /3700 60 2248 33 f.lsﬂo’ F!= A BI x :o’cu see.

I1*so’| 170 | o0 | 140

23500| oo 3947|3950

hi . He- Hi
ﬁ'.' V-'/H
K= ?-'/C}h‘
Kes m]e
Diéndy :

w oAt

g: Forn coefficient
m: Straight line gradient
K's" Net Permeability coefficient
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LE FRAnC

Sheel (10— 34)

PERMEAMRILITY RATE

L His
L) S LIS
¢ - 2 L

L ( 2L
"
C - 2 s

K, - 7167 .
5£51.098 % 3o

¢ - §5509¢

- 3
¢4 33 w /0 M/sw.

-3
* 228.33 < 518 ¢ /0 cw-/::.c,
§5.098% go
39%¢.¢7 -3
K- EN ® [0 / c.
"7 sS1.058 xig0 §¢ AT
p-—- 2 - 279 - 2.0
. i /oo
™
Ka = z ___E'..’_g_
¢ 51,098
-3
Ka - 3.81 x /0 Ow-/:ec.,
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GEOTEL S.A.

PROJECT :1AMBO 10

SURYEY
TEST OF LE FRANC PERMEABILITY Ne3
( CONSTANT LOAD)

Sheet (11 — 34)

‘Date L1 27-00-84 Driller i F. Vilea
Boring :01-2 Performed by $ 6. Lazo
Depth of Test : 2515 - 3000m Revised by :
Phreatic level: 190 4. Zone ! "PUERTO PRADO
DI AGRAN DATA
d B D« Y
et 7315 cm|Hoe y70 Em
. > d = .62 ¢em|B D0 ém
f. 2515 Emll « YE5 am
Mi T° of boring walsr: 25°C
H’ T" o} . ortwef water .‘-2"'('
Y River  Lusel 415 s
e e Ve~ . Seale » 117500
¥ ?ﬁzﬂ 7
EE L‘ 3
-M_-‘—JH e RES
L
Lée-]
. L1
b s
e
T
hitem)
He Hi hi 4 2/ i K ;
_ ; . OBSERVATIONS
Hour | (em) | (em) | (em) | (em?) | {5e0) [(em%hec)ltcn foec)] T
Lo . -
g 30 170 | 00 | 170 | 26200 60 |wsser|wizad’
ghoo'| 170 75 35 | /5700 60 |20 ¢7|4%2x5 Ky 405 x 70 ewfiec.
Lot ; -
9t 30"\ 170 | s60 | o | 23000 4o | 3833 feusud’
hi - Hio- Hi
gi e W /&
Kyz T /ch
Ky m/c
Yinds ¢ TFornm coefficient
m:  Straight line gradient
WA ¥'s het Permeability coefficient
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Sheet

LE FRAMC PERMEAMGLLILTY RATE
. y
L A 46 30
> 7315
- 27 L
2L
Lln( 3
C: 17 485 C: (2351

K, - gl:
T
K, - vY3c. 67 -3
e , 2 Y12 x /0 ewfrec.
p2a.5r & 70
-3
K. < I P - y.42 X 10 cw-/sbc.
623,51 X 9%
-3
K, - 7833 - 6.15 x jo Cw/:—oc.
62351 x /0O
W = ; . a2r5s 2 55
L /00
K, - LW 2.5%
¢ £23.51
- 3
Kz=- 409 x 10 cou Jaee,
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PERMEABILITY TEST IN DRILL HOLE (SHEET 13 OF 34 )

RI-2

ENE RIVE & prosecT  TAMBO 10 HOLE No.
vocation  _PUERTO PRADO DEPTH OF HOLE 3g, 00
ELEVATION 284 m DIAMETER OF HOLE :l 319 ¢
COORDINATE DRILLED DEPTH

ANGLE FROM HOLIZONTAL ___9_0.._: LEVEL OF WATER TASLE
BEARING OF ANGLE HOLE __ T BEFORE.T. 1. QO m AFTER.T. 3

tesT oaTE _ 26 -09-84
restep sy __ 4. LAZD

DRILLED BY L
CHECKED BY — s

l__o;f_ hlﬂ'lh? y_‘[ﬂf}: yixé

Tast .
sectiontml| L H H: P, P t Q: Q. . L
Fromi lo | {mi b (m} fm) (kgiex'} tiesewy | {min) €3] (¢ /min) {Lugeon} lcm’a«.'?

21.0-300/ 5.0 0x0 i VGO 0 o.t30 | L I ne.s | v

vy L vaes D322 x40

X

Kol (1 /min/m)

2330

¢ =t 2 1€) S
9 = :
= @] [Huw
q H Hater
3 2 == = |
27 e = )
o L t 7 S—T
L i ]
; o
'R ;
@ : Pump Ps :Gauge pressure
\}o. : @ ! Flow meter Hi : Height of Pressure gauge
F (3 : Préssure gauge H, : Depth of Ground water
3 : =1 @ : Ground surface P Effective pressure
@ 1 Drill hole P=P,+H™/10, H=Hi+
2 ®: Ih_jec:idn pipe t :Injected time
=1 (7) : Packer Q: :Water volume during time
\ ! i : Wgter table in *t*
= : : =21 ( : Hydrostatic.head Qo :Water volume per one min.
0 : = : = =160 Length of test . : Lugeon vabte in/min/w/10%/wt
section v s i i
\0 20 o I-ii?vhi'}' t,t&b  Diematet of hale K ! Coefficient of permeability

ELECTRIC POWER DEVELOPMENT CO, LTD.  TORY0 JaPin
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PERMEABILITY TEST IN DRILL HOLE
PROJECT

TAMBO

10 -

HOLE No.

(SHEET

14 OF 34 )
R1-1

LOCATION

ELEVATION
COQROINATE

purRI10 PRADO

z8<

m

ANGLE FrOM MouizantaL __G0°

BEARING OF ANGLE HOLE

DEPTH OF HOLE __3Y.00 m
DIAMETER OF HOLE .38 em

DRILLED DEPTH

~3500 o

LEVEL OF WATER TABLE

sEFoRET..1.90 m AFTERT_LQ’_W To.of boring water 2 "

TEST DATE l ]~ !!a g!:
TESTED BY .__..gL_L_j_Q_.

DRILLED BY
CHECXED BY

E::tllonfnv L. H Ha P, P t Q‘ Qo L“-. - K;
[ Fromi To (e Lmi im) lkgicr) Ihe/er) | {ound (3] {timin) {Lugrend featsec)
12.0-350/ 3.0} 050 | 180 | | 123 ol 9o | 92.0{138.48% 27188 x)\§?
v o | . 1 293 (10| LS | S Nmas)] 2 ooy x 6}
L ’ 1 123 1ol @R | 93912374000 2655 x )6
- o (/min/a)
24.33
39171
21743
Viaz) 06857 1K:1294 kw0
10 i
q
]
]
EN
> @ L/2
L a i “r—L‘-
= @/‘-5:: Explanations 'A'wb'z'::-:.:@
5 =
@ : Pump P. !Gauge pressure
Y- @ : Flow meter Hi : Height of Pressure gauge
== (3 © Pressure gauge My © Depth of Ground water
3 @ : Ground surface P !Effective pressure
& : Drill hale P=Po+H™/10, H=Hi+H;
N el (® * Injection pipe  t  :Injected time
o @ ! Packer Q1 Water volume during time
i F @: Water table in*¢”
! ‘ ®: Hydrostatic head Q. :Water volume per one min. -
o : : :® Length of test’ ‘Lugecn vakie in/min/m/ 10kg/car
10 720 . 30 g section Lu :Coefficient of permeability
v (H/minx) (D ! Diamater of hole K

T
2
|

=%
s

ELECTRIC POWER DEVELOPMENT CO., LT0.

ToUYd JAPAN



PERMEABILITY TEST IN DRILL HOLE  (SHEET 15 OF 34 )
PROJECT TAMBO \0 HOLE No. DT-71
LocaTion _PUERTO PRADD DEPTH OF HOLE LO.00  m Test oate _98-07. oy
ELEVATION 28 _m oIAMETER OF HOLE ___"1.31% em vesteo sy 0. LAIQ
GOORDINATE . DRILLED DEPTH 4000 m DRILLED BY AL
ANGLE FRom moLizonTal 40 ° LEVEL OF WATER TABLE CHECKED BY

BEARING OF ANGLE HOLE ___==

geForer. V0 m aFtert. L m

1 g"[ hg_fng,g witey L 247
: K

eam| L | H | He P, P |t @ | Q | L
From| To {mi {m? (m) (kgsonh (kicr) {min} (1) (2 Fmin} {Lugeon) (cafsect
16.9-40.08 3300 052 L 1770 i 1912 1o | @11 | 219 [avwngl 2397 x 107
R ; " Le | 18721 10| 1,103 | yi03 [193.448] 2.191 x 1077
LA B ; v \ v bl 921 | 92.11028.38% 2928 « 107
X |4 {¢fminfa)
24,58
3342
2741
visnze byl =3 xig”
10 )
1 - m
@
g [EY]
3 o
21 = T .
(L) \-J__
i = =0 | _ iz ®
= /»—2—; Explansations _B_,WP—Z%,:
5 r— T y @ @
= (D Pump P. :Gauge pressure
¢ @ : Flow meter H:i : Height of Pressure gauge
= @ ! Pressure gauge H: : Depth of Ground water
3 (@ ! Ground surface P :Effective pressure
_ E == ® : Drill hole P=P.+H"/10. H=Hi+H
n = ® : Injection pipe t Injected time
= R @ Packer Qu :Water volume during time
| i ! Water table in*t"
E : = (9 : Hydrostatic head Q. :Water volume per one min.
o : : J“_“ = : d 49 : Length of test N ‘Lugeon value in &/min/m/ [0F&/et
' 0 .30 g section v :Coefficient of permeabilit
o z 4 [Hainfe). (] : Diamater of hole K e m

ELECTRIC POWER OEVELOPMENT CO. LTD.

A—-2--65

TOAYG JAPAM



PERMEABILITY TEST IN DRILL HOLE

PROJECT  TAMBO 10 HOLE No.

(SHEET 1~ oOF 21 )

)

vocation - _FUERTO PRADOD
ELEVATION
COORDINATE
ANGLE FROM HOLIZONTAL __ 90
BEARING 'OF . ANGLE HOLE _

=B

m

DEPTH OF HOLE 45,08 _m

DIAMETER

DRILLED DEPTH M5.00 m

oF notE _ 1.} em

LEVEL OF WATER TABLE _
gEFORET. 1.0 m arrerT. V. ]0m

" DRILLED BY

TEST DATE - -

TesTED By __f1. VAL '
JEVILCA

CHECKED BY )

T2 of borint wiater: 2y

sostiondmt| L | Hi He P. P t | @ Q | L K
(From] To | (mi | (a) (ra) (kgrex) ke (o] (D) (t/min) | (Lugeon) | {ealsec).
y2.5-us0[2.500 033 1 1.90 1 L2230 F 1088 | 18.8 (188553 vy 2 107
K-la (UWminfml]
49,57
: 1 X @\ @ @ /®
; == ®
S o R = @[ g:al C|H
i i H = H* o 1®
— T . (9] H
3 . : é%“' T
£ ! 1
= = = @ 1 JCaT
i _I;/il_ -
t—2—-1 Explanations —
= @ TG
= @) ¢ Pump P, :Gauge pressure
= @ Flow meter Hi . Height of Preasure gauge
(@ Pressure gauge H; : Depth of Ground water
@) : Ground surface P :Effective pressure
L= (3 : Drill hole P=P.+H "™/, H=Hi+H:
(& © Injection pipe t lnjected time
t = (D © Packer Q¢ :Water volume during time
: Water.table in"t” _
T @ Hydrostatic head Qo :Water volume per one min.
: i = : @@ : Length of test :Lugeon vahie in&/min/m/ 10
s section L : Coetficient of permeshility
q (¢/min/a} GP : Diamater of hole K

ELECTRIC POWER DEVELOPMENT CO, LTD. TrORv0 Jaean
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PERMEABILITY TEST IN DRILL HOLE

10 HOLE No.

(SHEET

——r

17 OF A1 )
PT.-2

PROJECT _ TAMBUO

PutR10_PRADD
z2a4 m

LOCATION
ELEVATION
COORDINATE
ANGLE. FROM HOLIZONTAL 30'
BEARING OF ANGLE HOLE __ ~o

DEPTH OF HOLE
DIAMETER OF HOLE
DRILLED ODEPTH

£0.00 m

’ cm

3000 m

_LEVEI.. OF WATHER TABLE

BEFORE.T. L0 m AFTERT._1L.%0 m

YEST DATE _30- 03-98¢

testeo sy _(r tAZO

priLLED 8y __F. VILCA

CHECKED BY et e
T Difmrino walep: 28°C
h i

T
sectionim| L Hi Ha P, P t Qu Qo L. K
From| To { (= |- (&t {m} (hgreard {kgyze) | (min} () (timin) | (Lugeon) (¢3/3ee)
G5 -%0.003.50] 035 | 1.%0 | 1205 |10 vl vzt |e5.999 3.0k x 10
L ' " Le | e®as | 10] 1,290 | 139.0 270004 2,862 v 107
(AP ' " } 1205 110l vons boans [2e 3y 3199y 107
X q‘(!lninfn}
37,03
347
31184
Lz bol, k(1250 x 100
WS —
9 ===
g +
X
21
-8 S L
b = bt Explanations —_ ¥
@ ~d
)
= @ Pump Po :Gauge pregsure
n @: F[a}_v meter Hi : Height of Pressure gauge
_:T_ (® * Pressure gauge H; : Depth of Ground water
3 } @ : Ground surface P :Effective pressure
® : Drill hole P=P.+H /10, H=H +H:
9 = —i—=t— (&) : Injection pipe t Injected time
= S @ : Packer Qi ‘Water volume during time
\ = o P Water table in"t’
@ ! Hydrostatic head Q. :Water volume per one min.
0 : — = - @ : Length of test L :Lugeon value in &/min/m/ 1(k&lcar
10 10 __3D._. J@  section v :(Coefficient of bili
g (t/winfm () : Diamater of hole K eficient of permeablity

ELECTRIC POGWEA DEVELOPMENT CO. LTD.

TOHTO JAPAM



(3) Drillhole DT-

GEDTEL SA

3

Records of Permeability Tests

FROJECT t TAMBO 10
Sheet {18 — 34)
SURVEY @
TEST OF LE FRANC PERMEABILITY we 3
(CONSTANT LOAD)
Data e e 0988 Priller C. Huayta’
Boring : DT- 3 Performed by ! 6. Latzo
Depth of Test :12.80m. Revised by :
Phreatic level:izitm. Zone ! PUERTO PRADO
DI AGRAH DATA
.._d—h,;.;g— D« 927 ¢m H'o_r 24Y  Om
< d = /JO0.16 em|B - /0 cm
£. 1290 ¢n|ll . o000 em
i I o{T boriwgy water 25%¢
i TC of wiver waler 25C
[ Rrver Level P 2,45 A
Ell Rl b= o L) 5CAII.: 1: 8,500
!h; ?(g_n’]
EE seC
—F - fec
L
N S— 504 25
/ roe l
: 2 o biten)
- N \ ! . .
" e Hi hi V.-, L A OBSERVATIONS
ouwr § {(¢m) | femy _[trﬂj (cml {rer) (¢»Thee ) few /see] | T
Jotao'| 2¥Y | oo 299 | 5000| 70 | Y3 LYY %10
-2
24y | Joo | 1YY | s000| JO§ | 42.30 LU0 Kiw 423 xi0" tefrs.
«2
ayy | 200 Yy sgoo| 23 2474 | 23500
his He- H
H. A /f;
kl: . ?‘l/c}ﬂ-
K‘: m/f
Dinde ! ¢ = TForm coefficient
m:  Straight line gracdient
LUNER ¥'=" Yiet Permeability coefficient

A-2-68



il

WL

L E F R ANC

PERMEADILITY

Sheet (19 — 34)

IO
)
C= 2z d : 2 X [0/
¢ 20.32
Ky 3%
¢ A
K,z 1499 - 0.0t %
20.%2 x 24y
Ris — 220 - 0.014%f
2O32Zx Jyy
Kis 219 ~ 0.0ty
2032 % Yy
bu ~ %< - 26
: AL ) /00
K, - Ao . 025
a ¢ } 2032
z

Ka = 1 23 «x jo’ 6“&/5”’.

A-2-69

[

ot

-2
A Y X 10 ew free,

L5 x5t ct«/uc.

-2
2.43 x/0 ¢H7A4L

- 825

d.0iz 30



LE FRANC TesT N %

LE LOAD ~ ,
VARIABLE 102 sreet (20~ 34)
Drilling N® DT -3
1509 - BY Depth of Test : 8.86 - 9.45 »
: 6. LAZD Operator : &. HvAyra
. Depth of Phreatic Level: ENT
_Foil level —
e Dt 0.0927 m|H*- 295 o
ds 010/¢ mjnr 019 n
he Qoo mjLry 057 oo
R.F. Cre _]

t°- Temperature of boring water: 27°C

- Temperature of river water

r 24

o

718 -

iTe

I5s

4 River Level 2,10 w.
!
_ A~ Depth casing
L] 1
I i I
. ]
o Hole depth
1
v i
Fo—
— OBSERVATIORS
Chronomet Time . L . _ 5% . g3t
Hour min, sec E'm_ - 3 T 3 .
O S 14) Tud -
jgk 3e ) 300 %2 2508 59
10 LOo 22.3 222.7 C. 2 ﬂ'l. 2T 50 11 £
— /5 900 | 228 215 5 Lo (-5 T (557 1
20 200 363 | 2og? | e
N 25 1500 ¥z2.0 2030
— 120 /800 47.3 1921 NP 1 L1 S
T 35 2,100 §2.0 /43.0 I 1 LA >72
- yo 2 Yoo 5§15 181
” yg 2,700 L5 /182.5 —
so 3 000 5.0 i85y t,= 200 - k;< 20877
5 3300 7.0 7 7v.0 Sl —
( F _ 40 2 00 7v.0 xl3 Lz 2400 — by = 187.5
Ablens N — — = —
T A A
. R | R 5
250 IJ I N f a? Y TR
Jl‘AJ j -
7o{sen ). 1875

- ‘VQVF.TZJL?,\’oa-I,Au) gT 2os g

_26%.9¢4 < 0707
H w;;
TN g..,/,,,,_

it —— —

s



LE FRANe TEsT NP3 L Sheey (2V- 3D

YARLABLE LOAD

S tructure N Drilling ¥° dT- 3
~ate " : 13- 09 - 8Y Depth of Test : 4,20 ~ 15.05 m,
T erformed ! G. LAZO Operator : J. colwilio
Revised . : : Depth of Phreatic Level: 72.50 .
_.».1 g p— -
e | 17 I .
I],l . 8 _ So0il level : S
bt 4w NepASlaste D: 0.0927 m!Hs. 250 n.
H; : dx 0. 7006 mjnr 012
J ES hz j¥.32 nlL: 085 n.-
N.F. Cr l

__“ t°- Temperature of boring water: 27°¢
t°- Temperature of river water 21

River level

st Depth casing

Hole depth

~

____L_._— e e

Fod

OBSERVATIONS
Chronomet] Time . Lt . 85 .
Hour min/ seq 1{’,'&‘ A‘:E{_ i 3 " 927 2 917 o
/5" oo’ 5 300 2.5 224 ] ~
70 £00 7.9 I PO 378 S il fs“
20 Lapo ) 2yo7 | — -
R Lsop no 2330
—— ~—— e e e e
] a0 __Leo0 s 2347 e 534071 ¢ = /8359
i 35 2,100 15y 234.4 S N E) AR
yo 2,¥00 iy 233§
ys | 2 /9.3 290.7 : -
5o 3 000 253 2207 | 4,2 4,200 —>h sz 2007
£5 2 soe 225 z17.% -
Lo Jhee .5 225§ E2: 2400 -~y h; = 232.¢
Abler . e ——— —
ol 1L 3 !' f_%_l 1 ,
- o - LY
ans L U] 1 _ Kx el doy o
. ._J“....-J:!--j ! : e ] __-_1
‘ 1
a4 e - B ——
a 1 )
N B O . 1__3._( : T ~I T A 7 (2.27) b, , 202,
BRLE o o i s — y _fs_sq}t:,ua) e 0
N R R e W S
28—t = far ey L S e B S R
L O I A Ko 282986 x 0.039
WA R ik
S % 30 0 T N N I L O AU % O ) L O L e e N
i :____:_l_l, RSN EERNRN
. —;uﬂ-'.—‘w— w e Qe };--J -J_HD—L“' Yy ﬁ#'—_”_ﬂ_
' ’ K- 1.0 107 S ewnfrce.

A-2-171



LE FRANC TesT a4 L Sheet (22 = 34)

VARIABLE LOAD

.S:r-ucture % Drilling H® PPT -3
[ ate : 23 -09 - gy Depth of Test : 2560 .
" gpformed @ 6. LAZO Operator - i J. toRaneLio
[ Revised : Depth of Phreatic Level:i 2,75 w
._§1 d
— 1 [
LN J,IE_E 501 level : S
bt b |lp RS : Dt 00827 miNHs 215 n,
H : dx 0.70/6 wmiBr 0.05 n
_:; . . he 25058 . Lt 00 .-
il H.F. Cr 1
S S :
0 t°- Temperature of boring water:27°C
0~ Temperatﬁre of river water :27°C
. River Level - 2,10 an.
!
4 {s Depth casing
l !
Lo Hole depth
i H ol€ ep
| {
JIE. DU SN
o
——— OBRSERVATIONS
Chronomety Time . -_—
Hour | min/ sec s | Ak t/o=0
o~ 30’ 2" 30 Iso 5.° z082
s’ jo0 14. 8 2002 2z d 2% 1016
R— 70" 400 8.1 7909 C: 20
5 540 D% Tee3 C = 2032 _
| 20’ } 200 0.3 1347
1 a8 __hseo | 208 J 12 -3y T
R BT 1800 | 3n3 739.1 bisrzo0 — 2 T
¢ o 2 400 FIN] 7433 d1: 2400 ——3 La: 2933
. 50 3000 22.0 143.0 —e
- ] &0’ 2 600 22.2 141.8
i
K- 7 dt 1 he
Ablen ] . TR (bt i Y
__j_L%__"_L_,!_ g 1]
! —_
R ;H i R _ A (t0.14) by, 1323
1. L --_4! (I O D y(20.32)(2,¥00-17%%) J e
o |4 B R I - -
i ] it . i
N e s
: iliﬂmJJI-E*J++wLw— 'K-_ﬁiﬂiaxzwlgf
JUORS A T N SR D - o DRI O T S 97534
T T T ] e
N RN SRR RN
I I N O O O O A I S
SR O L O D K: 240 x 107 cwfue.
© o ns Mes e leee Hie I e

A-2-72
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LE FRANC TEST N2 5 T Sheer (23 34)

VARIABLE LOAD

e
ARE 30 .
structure & Drilling W : PT-23
A i
Jate : 29 - 09- 84 Depth of Test : 35,00 .
T arformed 3 G, LAZO Opevator : T corwaiio
| Revised Depth of Phreatic Level: 3 00 . e

e 3 ~ ’- ~
] l |‘J\ Fl,_jf_.ﬁ_? .Soil level — _
N LI | XA SRS D s 0.07315 rn,_? N+. 3.00 m.
: dx 0.0762 miBr 0.20
H i b ' y ]
S| I A = 3520 m.flLc 00 n.
N.F. <>
i h e S T ]
£°- Temperature of boring water: 25 ¢
t¢- Temperature of river water ; 2¥°C
River Level R.ID ma.
!
._T——-U LJ‘-- Depth casing
{
Lo Hole depth
| I
IR SN SN
o
e e — OPSERVATIORS
Chronomet] Time . .
Hour min/ sec g'.u. Ab T ctfp =0
gk jor | %1307 5o 0 2336 -
5! ELL) N 2429 c:2 d e: 2 A Tpg2
LM 600 2.7 2979
e: /527
29! 40 2.5 2915 —_— =
I _ 1,200 2.9 2571
23" I gog 3.1 244.9 e T -
. ——t - ey Bz
- 30! Lo 23 z2.7 _Er z 4209 > -j‘”’- I
Yo' 2, Y00 3.1 2%5.3 4, - 2400 —> hy 297
T T 8000 (Y] 2959 - _—
Lo’ 3 o0 A 2455 |
7 odi ! A,
Apew ' X 08 =
,hjj_‘_]_ _['_““——!vjl—“‘—l-‘— i | J] ¢ e (tr- t.) Y]
S L IR RE —
o df At IENEARNREREENN
- L EENEEEENEEEE N " —
30 N R N K. 7 (7-62) 2943
-:q:q T ] e | ,I%ﬁ_’, f ’_:_‘ q(lizi)(?lm&“ao-l,l’ﬂn} Ei‘Z‘J‘L
EpANEN t_g-l_i_%w{hﬁ_;_lﬁi_J___ — - =
R 0 VO AN O S S S I ol
O ANEREE : —
0 I A O R A LA O K. 182815 4 269 x/0
FOTIN R -}_j . :- -.3 ! 1—‘_.! 1__!_,.1___!__ = ® 73152 -
I A R i -
[ ] - - = A
240 L___...LL_L..],_!_ -F*—Ll—-;--’——!-—l.—j_.)_l... | l 1 L e
L) i 1365 {f:l 7.'“ 1}}“ ?-‘“ " - !
K= 672 /0 cfwumisec,

A-2-73



LE FRANC

TEST

Nt b

VARLABLE_LOAD

Spoel (24 - 34)

R
Structure & Drilling K% D27 -3
Date : 29-09-8¢ Depth of Test : d4.00 - ¥0.00 w.
" Performed t 6. L4420 Operator : J. CoRaéir0
Revised @ i Depth of Phreatic Level: L BO wm.
i
D« 00735 m! Hr /[&0 o
dr 0,0762 mjBr 0.¥0
he 39.40 m Lt 700 n
L c: |
. O
%~ Temperature of boring water: gy°c
- Temperature of river water : 23°C
j River Level : 2.30w:
{
| L pe
T_:L Depth casing
] oo
L : t
I H Hole depth
| F
—
Fo—
. OBSERVATIONS
Chronomet Time . L _ /oo _ }
Hour min/ sec A e ] N *#7
ogk 2o 2 3o" 150 P R —
R 5’ 300 10.0 710.0 ] zu L - 00
10 80D T 7830 ( tL 7"""‘)
VLl §40 | j9.9 7o/ S A
| "ze 1 dzo0 | 237 /5.3
. _J___2f' _ilse0 | 257 1543 - T T
- ~ T e 1, 800 71.5 1515 e, fRE218 e /8993¢
Yo' 2 Yoo 30.} 1¥1.9 3308 -
N 50' 3 000 | 2.4 VLY
' 1. goo 3 ¥
L é ¢ LEA 1920 £, 200 — 3 h, 2563
Abfes __.,.{'_1 1 2400 k= “’i.?__
R ! 1
EEERNNAENEEEEREENRRE AR
SO St
] . JAOR S S LT B R O ¥e (ts-t [ '
__:H_w;_'__Jll | N ot @ &
It - e -— wrd —_—
N AN NENRRRE NN
SO T N
U I O Y. 7 (105)  p. 1995
: - ¥ {189 9y )(2vor - 1, 200) de /563
. 168. te¥ . 0.0¥
Toqrp i



(4) Drillhole DE- i

Records of Permeabitity Tests

PERMEABILITY TEST IN DRILL HOLE  (SHEET 25 OF 34 )
ENE RIVER erosecT Rpin ENE HOLE No. DF -1 :
Location PAQITZAPANGO DEPTH OF WOLE ___ 5. 10 m TEST DATE DER TN
ELEvaTiON . 3%5 m pIAMETER OF HOLE 411 cm TesTeED By ... LAID
COORDINATE ' DRILLED BEPTH B0 om priLLED BY ___R. TOMAY
ANGLE FROM HouzontaL 30 ° LEVEL OF WATER TABLE CHECKED BY
BEARING QF ANGLE HOLE . =7 BEFORET. _1.00 m AFTERT. LS50 m
Tetiontm| L | Hi | He P, P [t] Q | Q | L K
From] To {m) {m} () (kgiex) [hxieat (min} e { ¢ /min) ( Lugeon) {en/see}
1,95 -5.10[ 3051 0. 42 | 3.00 | Lt 1wl 1990 19 [ 3000 23 x 0"
. v | \ . 2 da23s2 1wl 675 | 42519400 quelxig?
v b | . . 3 3362 L0l 1280 1 a8k by vasdsw?
BERE \ . 2 2362 |10 vow | 10w Lo ad 1.5 v 107
. w e . , \ 1362 Lol 135 | 93slviunl v 917x0Q”
- -)-S' q “/Ill'llln]‘
4.10
1934
4o.83
3314
B 11
we=agolisr Ix: 2000’
10 = L O @ @ @
@) _
q ©i Hitw Hi
Q B 1, . ®
— d% Hh] Hz
2
21 T T
N H G Ii_‘." 75 L@
6 :%:t Explanations F
o )
5 @ ! Pump P. :Gauge pressure
" @ : Flow meter Hi : Height of Pressure gauge
(@ Pressure gauge Hz : Depth -of Ground water
3 B =2 (3) : Ground surface P :Effective pressure
e ® : Drill hole P=P,+H®/10, H=H +He
2 T e e o == ® : Injection pipe  t :Injected time
= = @ : Packer Q: :Water volume during time
; == = ® : Water table in*t”
@ : Hydrostatic head Qo ‘Water volume per one min.
o Z= : | @ : Length of test *Lugeon vahe in &/min/m/ 10:/cor
10 .10 . 0 15} section Lu :Coetiicient of permeability
v ({/minin] . @] Diamater of hole K

A-2-75
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PER\IEABiLITY TEST IN DRILL HOLE

(SHEET 276 OF 34 )

PROJECT 210 FMNE HOLE Ma. i E. 1
LocaTioN _PAQUITZIAPANGD DEPTH GOF HOLE 10:00 TEST DATE OK.QQ-QQ
ELEVATION 345 m  OIAMETER OF HOLE ._J__'L_L.w__ vesteo av G LAZ0
COORDINATE DRILLED DEPTH DRILLED BY
ANGLE From HouizonTal _ 40 LEVEL OF WATER TABLE CHECKED 8Y.
BEARING OF ANGLE HOLE BEFORE.T. _4.50m AFTERT._bAZ m T'ar{ bm.#mt Lt 9900
‘E::lliom'nﬁ‘ L H, H: P, P t G Qo . L. K
From| To (et {(m} {m} (hprex) {kasex) {min) {t) { € /min) {Lugeon) _{emiaec)
v o-100 50! 0,60 6¥01 05 F 12 L) 11} 1), g3 4 2298207
49510.0 315] 050 | 50l 08 1 vei |11 yet | 1095 j275u92] 3083 x107
105-10.00 228 0.40 | k.50 | ) 11 ] 00 | 0o | 00 0.0
3 1.1 10 Q0 - 00 ap 00
5 T 110 Qo 00 00 00
3 30 o o 00 Q0
\ v (ol o0 | oo | oo 00
s (#/ain/a)
22.20
33,33
@~ @ @ D
@ ' Hl!-l ?—-l—u_
Him Hicw '
- H
3 @47‘” W '
& ! I
e 11— T 73 L0
= = [ - . @ WAL
®’}--2—: Explanations L 5—;‘\@
: i @ : Pump P. :Gauge pressure
2 (@ : Flow meter Hi : Height of Pressure gauge
@ : Pressure gauge H; : Depth of Ground water
@ : Ground surface P :EHective pressure
: ® ! Drill hole P=Po+H /10, H=H:+Hz
E = ® : Injection pipe t Injected time
@ ! Packer Q¢ :Water volume during time
® : Water table in*t"
@: Hydrostatic head Qo ‘Water volume per one min.
=t @ Length of test *Lugeon vake in&/min/m/ 10k¢/cai
P section L :Coefficient of permesbility
a1 (H/min/a} @D . Diamater of hele K

A-2-76
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PERMEABILITY

TEST IN DRILL HOLE (SHEET 27 OF 34 )
PROJECT RI10 _ENE HOLE No. D} -1
LOCATION PAQUITZAPANG( ~ ©0ePTH oF HoLe ___15.00 m TEST oATE 03 -09- QY
ELEVATION B45 m  omaMeTer oF roeE .27 gm vesveo By (. \AZO
COORBINATE _ DRI_LED DEPTH 15,00 m oriLLED BY P VILCA
ANGLE FROM HoLizontat - 40 ° LEVEL, OF WATER TABLE CHECKED BY e
BEARING OF ANGLE HOLE..—__ BEFORET, L,00m AFTerT._blYim i o{ bqrjng witey : 715°%C
Testmi) L | Hi | He P, P |t @ Q | L. K
Froml To (=} v {m) {m) {hgfe=) thgsev) {min1 (ty {t/emin} {Lugeon) {ea/aec)
WEE- 15000 M%) .65 | £.00 | ) 1465 1vo | 203 | 203 [15.340l o0 x 107
PR " " 5 5665 1 vo | sir | %u) | 2havel 2969 x 07
v | . 1 10 | iopps [0 ] @5 | @1% 1921%0{ 2531 x 107
RN 1 ; b v 0b5 1100 Bog | 605 110.9v%) 5 539 x o
L " i veex Lol 320 |2 [ X652 bRy x a0t
A
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v.28
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17 x4
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\d 2280 | K:27568 x 107
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Q 7 H = Hy., ©
3 @ e H™ Ha
21 = ] T
o S i @ 1|:-’ 172 L*@
b _ @}!—F Explanations }-—HL
: = @
5 =
= = @ : Pump P. !Gauge pressure
i == = @: Flo_w meter Hi : Height of Pressure gauge
! @ : Pressure gauge H: ! Depth of Ground water
3 e @) : Ground surface P :Efective pressure
== ® : Drill hole P=Po+H /10, H=Hi+He
2 = ® : Injaction pipe t Injected time
A == @ : Packer Q: :Water volume during time
. : @) : Water table in "¢’
4 (@ : Hydrostatic head Qs Water volume per one min.
0 = = : @9 : Length of test L :Lugeon vahe in&/min/m/ I(&/cx
10 10 .30 VE)] section v i AT
q - {{/mis/n) D : Diamater of hole K oetictent of permeability
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PERMEABILITY TEST IN DRILL HOLE

PROJECT R10 ENE

HOLE No.

{SHEET 2& OF 324 )

DE -1

“PAQUITTAPANGO.

LOCATION
ELEVATION 245 m
COORDINATE

ANGLE FROM MHOLIZONTAL 30 )
BEARING OF ANGLE HOLE

DEPTH OF HOLE _ 720,00 m
pIaMETER ofF HoLE __ 9.17 em

DRILLED DEPTH

’J m

LEVEL OF WATER TABLE

BEFORE.Y. _6.00m 'AFTER..T. L, Ll}m_ 'i_.tz_f_lu_r_ﬁ_ulengf

TesT pate Q% -09-8Y
vesteo By {1 _LAZD
DRILLED BY __E_‘_I_O_l‘ﬂﬂi

CHECKED BY¥oareou o o

Semtonm| L | M He P, P [ t] Q| @ | L
Fromi Fo (o ~ {m) [m) HIfH ] {kgseat) . {min + () {8 fmia} {Lugesn] (_ﬂiucl
15.00-2000 5,00 0y | 6,00 |- ! Lo ol 167 1 109 {v.9%1xeT 2107
LSO M ~ s | weneliof 330 1 330 I el eyd x o™
R N " 10 Tioeniae b 178 L 9% Lw 52111803 x 107
R B ) N 5 o el vo | wuT Doved 114991 2394 x107t
LR . ; " | e 0| 2bt b 26 1 a83] 387 xjort
Molg {i/winfa}
.44
XY
i5.50
10.94
591
Lus930%  W=n 116 x07¥
w 2 @
q S
B Hy
. = = ©)
3 ; : R H:
27 : T
> P ®— = Lzy
2 S L , LR
SEh @/z—-z—;g Explanations A_\Vh;—w
5
@© : Pump P, :Gauge pressure
i} @ : Flow meter Hi . Height of Pressure gauge
- (@ Pressure gauge H; : Depth of Ground water
3 Y (D : Ground surface P :FEffective pressure
7 ¥ = {8  Dril} hole P=P,+H'"/10, H=Hi+Hz
9 5 : (® : Injection pipe Lt Iinjected time
i (@ : Packer Q. iWater volume during time
| E @ Water table in"t*
(@ : Hydrostatic head Qo :Water volume per one min.
0 : : 1 @3 : Length of test : Lugeon value in &/min/m/ 10&/car
0 10 3R Y  section L. :Coefficient of permeability
¢ {/min/a) {D : Diamater of hole K
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PERMEABILITY TEST IN DRILL HOLE

{SHEET 29

OF 34 )

ancLe From Hotizontal 40 °
BEARING OF ANGLE HOLE :

LEVEL OF WATER TABLE

BEFORE.T._£.0% m AFTERT._§,\0 1 Qi hoving ,,mgt 2]

_ - PROJECT RIO ENT HOLE No. DE -]
Location _PAQUITZAPANGD OEPTH OF HOLE 1%.00 m TEST DATE _OY - 09-92Y
ELEVATION 35 m plameTer oF HotE __9.27 em TesteD BY _ (1. LAZO
- COORDINATE DRILLED DEPTH 23,00 m DAILLED BY E; !...:&

CHECKED BY — e

| fionml L Hi H: P, P t Q Qo
Fram| To | {m {m) (@) (kgsesd (kefexy  F{mni () {2 /min) (Luseor\) (Cm’seC)
7000-75.00[ 5.00; 0’ | 5.0% i L6715 110t 90 00 - -
R . " Y g 615 L 1ol ny S5 | 4083 %032 x g
Wy | ow y t 10 1S ol zio | 210 1 381 14884 x 107
v w L L ' g %075 [ 1o L0y | wy | 5015 ] kol x 10
P v ]| . " | LS [ 1o ' 7.0 g a.0%s x Wit
K la_tH/mintn)
10
230
.20
2.8%
142
Liud 3,90y | weug3xi07?
== o) @ @ @
T ""‘-.. —
q . ; ! Hurms Hy
g = = = H Jj Hecw ®
= = == o . y = Ha
] 3 =
3 i '
- ik @ > L0
i JL/2
b - = F; Explanations __}___wl-:____[
I - T r g
T =
S @ : Pump P. !Gauge pressure
IR == 3= @: Flf_’“’ meter Hi : Height of Pressure gauge
_:_,_ =—{ (@) : Pressure gauge H; : Depth of Ground water
3 £ (@ ! Ground surface P Effective pressure
i E (® : Drill hole P=P.+H™/10, H=Hi+H:
7 t —=—="={(8) ! Injection pipe t :Injected time
: =i (D * Packer Qe !Water volume during time
' = \ Water table in"t” '
£ @ : Hydrostatic head Q. Water volume per one min.
o : ; = . = @ : Length of test L :Lugeon value in &/min/m/ 10¥/c
10 20 ko p_ section v Coefficient of ili
L {ieiada) D¢ Divmater of hole K cient of permeability
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PERMEABILITY TEST IN DRILL HOLE

(SHEET 30 OF 24 )

PROJECT  R1ID ENE HOLE No. . D% -}
Location PAQUITZAPANGO — oEpre oF HoLE _ 30.00 'm Test pATE. 05:09-2U
ELEVATION 45 DIAMETER OF HOLE % em testeo avy 4 LAZO _
COORDINATE ORILLED DEPTH 36,00 m DRILLED BY —R.TOMAY
AnoLE saom nouzontal _Q0_ " LEvEL oF wATER TABLE . CHEGKED BY e oo
BEARING OF ANGLE HOLE__~— BeFORET, _b.b0m AFTERT. b 50 m T of baring witer 127%
.E::Itionfnﬁ L H, P, P t Qe (ATR L. _ _ K
Fram|] To | o {mi {m} Tkgre=) Gharery. | tmind [ (23 . | (t/mial | {Lugeon; tex/aec)
75.00-30.00] 5001 O.bb | b ko | ! L6 130 323 4 320 139490 v e x Y
YRS BV B 5 B2k Lyol 691 | 80 {24039 31148 x (ot
VRN DU 95 1ye.22b [ 1o 14083 | 1053 [20.595) 2.b87 x 107
" i K ' 5 RE 1 61 Dbl 1 26,5300 3, wbT X _\E)"‘L
LA BN ) L6 a0 b e |3t | o093 5330 x 167
- ¢ (l/nin/n}
X' 2A
1382
21.06
19.22
£91
Luz]20.696 12 g x 0
¥
0 ; Oy @ @ -0
1 @] [Huw | fo
g == Hitw, @
- 7 W 7 He
k] £ == @ .
:‘,: q = i éE [Ial
= e P = : L@
: Ee L] _Lr..._" 2y
b = = =] Expiznations — :
- @.ﬁ?l‘ l'\@
’ = @ : Pump Po :Gauge pressure .
4 T =3 (D) 1 Flow meter Hi : Height of Pressure gauge
E==tr @ Pressure gauge Hi : Depth of Ground water
3 = 4 @ : Ground surface P EHective pressure
== : === (® : Drill hole P=P,+H /10, H=Hi+H:
q B FrE—" = £ (® : Injection pipe t Injected time )
ki F={(@ : Packer . Qi (Water volume during time
\ . Water table mnTt”
i =1 (9 : Hydrostatic head Qs :Water volume per one min.
0 : : ! o=@ Length of test  :Lugeon vakie in &/min/m/ 10k
\O 0 _ 30 Go section L. (Coefficient of permeability
q (i/minfu) (D) : Dizmater of hole K )
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PERMEABILITY TEST IN DRILL HOLE

PROJECT R10 ENE

HOLE No.

(SHEET

I

3* 0F 34 )

L -1

Location  _PAOQUVTZAPANGD
ELEVATION B34S m
COORDINATE

ANGLE #roM HovizonTaL 90 0

BEARING OF AMGLE HOLE,

DEPTH OF HOLE 35,00  m
DIAMETER OF HOLE 1318 em
ORILLLED DEPTH

LEVEL OF WATER TABLE
pEForeT. _hA0m AFTERT. LMOm

_Re.QD m

TEST DATE o5 -Qﬂ gg
TESTED BY __,,,__L_.l_o__

DRILLED 8Y
CHECKED BY — . e

1" of boring wafey 125°C

Temionw| L | Hi Hy P, P |t] @ Q. L. K
From| To | (mi | tm} {m} {kgica) (kgecr) | (min) () (t/min) | {Lugeon) (¢a/sec)
10,00-35.08 5.00] 076 | 530 | ) b b9k |01 18 b3 | 80\q fione x 107

W _cudbe |y ‘ 5 s b6l 19 | o199 1 529912149 x 0

| \ ‘ 10 lweegelaol 327 1 394 {7993 468 % 1078

L . ) 13 v pqut ot 2210 1o e lno w17t

P Y u ) Lbqk Lol 19 g 1 uuagliugzy ot

Xt {twin/e)
1,34
X 3,58
t
7.94
Yy
L94
La=1333 ¥ [.5abx06]
10
B @ @ @
- ~® / \ @
t i O T @ 3 i
Q ¥ Hlnl Hitw \__.@_-__-—/ @
N — 5 H(-l H?
& S —
21 o | " -
a = = -
t L/2
sis 3 @,-’}-5;5 Explanations _\__w}-—z-'T_{_ i@
’ : @©: Pump Po :Gauge pressure
v @ .. Flow meter Hi : Height of Pressure gauge
(@ : Préssure gauge 1If; : Depth of Ground water
3 2 @ : Ground surface P :Effective pressure
¥ ir ® ! Drill hele P=P.+H /10, H=H+Hz
2 ‘ % ® ! Injection pipe  t ilnjected time
S | @* Packer Q: :Water volume during time
! Water table ] in*t”
| F: (@ Hydrostatic head Q. :Water volume per one min.
o —1— : : D : Length of test . :Lugeon vahe in &/min/m/ 1Ker
30 D  section . 1 Coefficient of bilit
0 [ad T{Uhi'nln}' @) : Diamater of hole K oetctent of permeatiity
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PERMEABILITY TEST IN DRILL HOLE
PROJECT _ R10.  ENE:

(SHEET 37 OF 214 )

HOLE Na. -

DE -1

ELENATION

COORDINATE
ANGLE FROM HouzonTAL __ 90 °
BEARING OF ANGLE HOLE ___—

LOCA'TiON. PAOUITLIAPANGO
g5

m . QIAMETER OF HOLE

DRILLED DEPTH

LEVEL OF WATER TABLE

BEFORE.T, &MO m arver.T _L.¥om

DEPTH OF HOLE. ___ Yn 00 ™
Z 3!5 (1411
Yo 00 m

T

T
[s]

C

EST OATE _06 -02. -Gy
esten ey {1 LAZ0

RILLED BY

HECKED BY e .
I g; &Q».‘n;' watey s 2%%]

Teoni] L | Hi | He | P P |¢] @ | @ | L K
From| To | (m! fmi (o} (hgict! thrre) | (mind () {t/mint - | {Lugeon) (cafaec}
I5.00-Yoof £.000 0.72 | 440 ! V2 iy 1 00 0o 00 00

PO S N b g I T T Ly I I I WAV 3 B AL T

SN " | T 0.2 10} 8¢ 28 Tybud [7.443 x 0%

v s ' i g sl 5t 50 L1961 {2558 x 0"

w1 " " i viei el 20 12.9.12.336 | 304 x 16"

“la {t/uinfm}
00
0.9
L6
.12
040
L= bwd ¥ =7 004 x197°
10 @ )
3 & [
-i I = Hh-) H:
21 = . T
a s ﬂl. @
e ; : L/2
L = L1 . ) LN
_‘L @,.__2"? Explanations ,Lwh—ﬁ_%
k @ Pump Po :Gauge pressure
= = @ : Flow meter Hi : Height of Pressure gauge
7 @ : Pressure gauge Hy : Depth of Ground water
3 SE=S (®: Ground surface P :Effective pressure
= ® : Drilt hole P=Po+H /10 H=H +H:
7 : ® ! Injection pipe t Injected time
L @ : Packer Q. :Water volume during time

| T Water table in*¢*

@ ! Hydrostatic head Qo !Water volume per one min.

o : : . > @@ * Length of test :Lugeon vahie R min/m/ 1kt

— Yo _ section Ly :Coefficient of permeability
10 10 & [1/ainfu): %®: Diamater of hole K :
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P

PERMEABiLITY TEST IN DRILL HOLE (SHEET 32 OF 24 )

' prOJECT Ri0 ENE HOLE No. DE - |

rocation _FAQUITZAPANGO  OePTr oF wolE M5, 00 o TEST 0ATE _QL-07. 9K

ELEVATION 345 m  ommETER OF HOLE ___Y.315 em TESTED BY M

COOROINATE DRILLED DEPTH U500 _m prLen ay R TeMAY

ANGLE  FROM .HOLIZONTAL __ﬁ_o_: LEVEL OF WATER TABLE CHECKED BY —maa i

BEARING OF ANGLE HOLE _ ™= BEFORE.T. m AFTERT. b, §0m T of boring water 2

et L | Hi Ha P, P |t Q | Q | L K
Froml To {m} {mr {mi {kgjext {keie) {mint {4y {t/min) {Lugeon) (enfaec)
UD.00 - 450005001 0.2 LU0 ! L L0 g0 00 0o 00

S B ' " 5 ALV 0 . 0.5 | 0415 17.284 x \0°

P A " o 1wz liwol 9 o1 |l 0131 [ 105 x 1ot

L N i 5 . Lol 00 00 0o 0o

LA Y, N it i L2 liel Q0 0o 00 00

A

W2 f3 (Hoin/m

00

0.10

AL

00

Q0

Lz loay v - nasaikiet

10 ; o))
! == @ _~T T T,
@
Q l (L] H
3 H o
21
- L/2 L0
& i ® !
F2:= Explanations Lv)‘;i":‘__
@ TG
Y .
@©: Pump P. :Gauge pressure
" @ : Flow meter Hi : Height of Pressure gauge
@ Pressure gauge H; @ Depth of Ground water
3 @ : Ground surface P :Effective pressure
—_— ® : Drill hole P=P,+H /10, H=H:+H
2 = ® : Injection pipe t Injected time
= @ Packer Q: :Water volume during time
| > Water table in"t
@: Hydrostatic head Qo :Water volume per one min.
o = : ; 3 ®: Leng:th of test ‘Lugeon va._lue in&/min/m/ 10R%/cet
0 10 - 719 Y0  section L :Caeificient of permeability
q (tlmlul D : Diamater of hole K
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PERMEABILITY TEST IN DRILL HOLE . (SHEET 34 OF 24 )
PROJECT R1Q ENE HOLE No.  DE-1- ‘
rocation PAQUITZAPANGDO — OERTH OF HOLE 50.00 TEST pave . 0b-09-QuU
ELEVATION 245 m  DIAMETER OF HOLE . %15 cm testED 8y 0. LAZQ
COORDINATE. DRILLED DEPTH —50.00 m oricLeo 8y __F_VILCA

ANGLE FRoM HouizonTa. _ 90 °

BEARING OF ANGLE HOLE

LEVEL OF WATER TABLE

BEFORE.T. Ez. IQ AFTER.T. éSQ T Q:f bﬁ}:ln unt E Ec_ :

'E:::wnfud 1 H, He P, P t Q. Qo L K
From To | (m imi {m) {kgie) thaic?) | iméns 113 (E/mint § (Lugeon) {enfyec)
4500-50005.00] @74 | é%50 | 1 1926 110 Wi b ow) P iElie ] x e
W | ) " Y 1 sme [0 ] 100 | 100 | 3 w93 w5tk 1n”
Ty " : o 1wt Lol asg s 1299703813 x 107
NEE ; n 5 et il 97 1 41 133881 ¢ wiox (D
" : v " R T 1 T L 3 I U S R Y A VAT S
y
X by (Hfminfu)
0.32
7.00
3.4
1.4
03¢
La-2 974 1v:1880/x 07
10 =
i :
¢ :
3
21 Bg
[ jr = = Explanations N\ )—'__.__L
i : oo £T r
< = :
= = == @ : Pump Pe :Gauge pressure
MRS == (@) ! Flow meter Hi : Height of Pressure gauge
5 (I i—{(@ : Pressure gauge H; : Depth of Ground water
3 E @ : Ground surface P [Effective pressure
E === @ : Drill bole P=Pa+H/10, H=H\+H:
2 i — (& ! Injection pipe t lInjected time
P = : @ ! Packer Q¢ Water volume during time
] = = (8 Water table in*t*
§== . Hydrostatic head Q. Water volume per one min.
——— — et . . p .
0 — v =@ Length of test *Lugeon value in&/min/ny/ Whgicat
10 10 C_I}O 5 %@ Is)e“iﬂ“  hol t‘ s Coefficient of permeability
Bin/mn 1. Diamater of hole
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(10) Seismic Prospecting; L.ocations and Time-Distance

Curves of seismic Lines.

(H

(2)

(3)

(4)

&)

Location of Seismic Lines

at Tambo Puerto Prado Site

Time-Distance Curves of
ST—1 and ST—2 Lines
at Tambo Puerto Prado Site

Time-Distance Curves of
ST-3, ST—4, and ST—5 Lines
at Tambo Puerto Prado Site

Location of Seismic Lines

at Ene Paquitzapango Stte
Time-Distance Curves of

SE—1, SE-2, SE--3, and SE—4 Lines
at Ene Paquitzapango Site
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(11) Outline of Landsat Image Analysis for Ene River
Hydroelectric Power Development Project.
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V 1 .

Objective of the Geological Survay
The objecti#e of this survey is the investigation of geological structure
of Ene River Hydro-electric Power Development_?roject area in the Republic
of Peru. Within the project area, only area around the damsite and river
is covered by aerial photographs. As for this area geological survey had
been done by interpreting these photos and by using field survey results.
Remaining area is large and ngt covered by aerial photographs.  Therefore,
for the geological survey of this remaining area, LANDSAT images were used.
In interpreting Landsat images, results of geological survey of the area
around damsite and river were used as keys. Final product of this geo-
logical survey using LANDSAT images is a geological map on a scale of

1:4005000.
The survey area

Subject area of this geological survey using LANDSAT images is shown in

Fig.-1.

A-2-99









Lhty

oot i

3\ a: 2

1Y [RARrR Lol e M‘. [ - »
000°000°1:1 @(BdS - Pl \\
e

0 1Y¥HD HOTLYITAWN ézozéw%_ ’ ; \\

\44&._._\..5_1L g o \ cnon_ AT \ W .
mccua:: 5kRE) ; v L, e LU San|

: , : _.rrrrrr_ e (e rcrr_::__:;:_._r_t_ i

moouﬁ.@& "

x w L/

Y \\

i

/

o
minbynbucmianj -,

// 2:2 OVR\

1 .o-v;!:nU\\

on'm_

SRR e LN = oo i [ SR T T ..ao “
e N o v X R . Oy X ..
: 3 AN A ) 1/ . A ‘ ‘.;.‘._ v .. CHE % . . : A e -.

u \:

&_u._unm:\m ,Om” _:q.q _mw; L ~.
NSRS} .
\ ) ..‘.m.tnn X

N, mho_.ug: ..\.. %ﬂ\wp f o

4

-
)
£
Sl

3 EH

p—f___f_;

T

TR
: AR
4

Ay A OL5Pi !
/ G.n.znnvuo

/)23.

-32.5 .uﬂv._.d/, .
, / .

LN LR
£

/

HERTAN \ _E,.d-..»q

,..r//p.u\...r...!qcu n_ : 1WJ ..,/;.1/,/(;3%& K
Do) sedivg ) BT g 1Y) ~ By’

/\.f 3 edyne ...h.m.._wu. ..Lmﬂ/../ﬂ”., (R

S

[III

ST T T T T

: 23
on\_zmﬁ..,_.au O

AL |

ol

.‘,/

«Q
w
Lo )
x
o]
o
STY
T
!

Y3 P w
. L

N
|
-

wn
sC/vODG Qv

-1 AN
Fr LL..C..“LLLL‘.FEL_Z:
s

[
CC/OHMYALY 1

asra by

T

l‘h[

]:-.lal'nl

QoLr
IBVIRISI v

_a_:._?:__a_m ) _\\J

-~
-~
—
-
_f\}{..—y
°<
4
5
3










3.
3.

Image Analysis
1 LANDSAT data used in the survey.
LANDSAT scenes covering the subject area are Path:005/Row:068 and Path:
005/Row:069. Images of minimum cloud coverage and high quality were

searched for these scenes. As for scene Path:005/Row:069 cloud free

images was obtained from Brazil. However, as for Path:005/Row:068 the

best images we could get were of 40 percent cloud coverage, In order to
get a single cloud free image of scene Path:005/Row:068 by combining two
images, which are partially covered by clouds, we purchased two images

as shown on Table-1.

Table-1. LANDSAT data used in geological survey

Path - Row No. date cloud(%)l sun el., az. note

005 - 068 | JuL 03, 1977 | 40 | 33° , 52°

005 - 068 AUG 12, 1978 40 42° , 57° for interporation
005 - 069 JUL 03, 1977 Q 32° , 51°

.2 LANDSAT color composite image

LANDSAT color composite image was produced in the following manner.

Flow-chart of this process is as shown in Fig.-2,

{1) Pre~-processing
As pre-processing of LANDSAT images, CCT conversion, reduction of noise

in images, and geometric¢ correction were done.

(2) Digital mosaic production

As for the scene Path:005/Row:068 two images were purchased from Brazil.

(i) The level of tone of 1978 image was adjusted to the level of
tone of 1977 image. This process is called fnorma]izationf.
(ii) Parts of two images to be assembled to make a single cloud free

image by mosaicing were determined as shown in Fig.-3.
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START

obtaining
Landsat data

Landsat
r’“‘ 7

Pre-Processing

- format conversion
-noise reduction
-geametric correction

digital mosaic

7/03/77 Path:005, Row:068
8/12/78 - 005, . 068
7/03/77 005, 069

total 3 scenes

Image
processing
v \
image enhancement image processing for geology -
-edge enhancement principal
-contrast stretch component
analysis
k4 vV
color
R composite P.C.A.
. composite
— image image
(faise-col?r) 9
official map/ w
reference photo interpretlation | . geologic inits
- geological structure
* Tineaments
‘rock facies etc.
Geological s compile
mapping mapplng
drafting
margining
/
-geological
——
map scale 1:400,000 -

Fig.2 Flow-chart of ¢eological interpretation from Landsat image
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(ii1) Geometric correction of 1978 image was done by using 1977 image
as basic data.
{iv) Mosaicing of two images - more precisely, parts of two 4mages -

was done digitally.

005-68 005-68
oo T L, "
! b !
“ 1 ! t
__d bood
_1977.7.3 1978.8.12
005-69
—+—-— baundary of scene
——————— boundary of mosaic
1977.7.3

Fig.-3. The illustration of digital mosaic processing

(3) Image enhancement

To make geological interpretation easy, edgé-enhancement and contrast

stretching were done. After image enhancement, color composite image
was produced by usihg photo-printer., This color composite image was

enlarged to a scale of 1:250,000 and used in geological interpretation
of LANDSAT image Fig.-4 is the LANDSAT color composite image used in

this survey at original scale of 1:1,000,000.
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3.3 Image processing for geological and geographical surveys
Image processing is often effective, when large amount of information on
geological features need to be supplied to interpreteﬁ. In this survey,

principal component analysis (P.C.A.) was used as a image processing method.

The principal component analysis is a method that uses four spectral bands
of LANDSAT data. Eigenvalue of from first component to third component
is computed, and then, using these eigenvalue, each component score is
computed. The output is composite using Munsell color solid system shown
in Fig.-5. Fig.-6 is a composite image in which the first component is

assingad to intensity, the second to hue, and the third to saturation.

From this composite image, the following thing is understood:
Reflectance on the ground is expressed as the first component (difference
of intensity). Vegetation density is expressed as the second component

(difference of hue).

In this way, amount if information to be supplied to interpreters is greater

than the case that information source is only color composite image,

intensity
A

white

-_

orange oo ~
" 2nd. ~
¢ component score,

green

blue-green

purpte “tn. : blue

blue-purple

black

Fig.-5 Color composite of P.C.A. (Munsell color solid system)
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Fig. 6 Principal Component Analysis; P.C.A. com

st component —— Intensity
2nd component ——— Hue
3rd compenent ——— Saturation Scale 1:1,0
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Fig. 6 Principal Component Analysis; P.C.A. composite image

15t component —-- - Intensity
Znd component  -—— Hue
3rd component ——- Saturation Scale 1:1,000,000
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